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Clinical biochemistry laboratories often have to deal with patients' samples which contain one or more chromophoric interferents (bilirubin, haemoglobin, or lipids). Such compounds, which, in the past, would have been removed by dialysis or deproteinization, remain, in the present generation of discrete analysers, in the reaction cuvette for the entire duration of the analytical process. In many cases this can cause interference in the analysis. The effect of such interferents on a number of chosen instruments has been reported by Glick et al,' and these findings have more recently been confirmed by Grafmeyer et aU External quality assessment schemes do not as a rule distribute samples containing such interferents (with the exception of bilirubin) and hence the manufacturers' package insert data may be the only information available to laboratories on the effects of such compounds on test methods. However, as has been reported in the case of lipaemia," different effects can be Correspondence: Mr J Brady.
128 noted using the same reagent on different instruments or, indeed, using a different set of parameters on the same instrument. Renewed interest has been focused on interference due to haemolysis with the potential use of diaspirin cross-linked haemoglobin as a blood substitute." This study was designed to assess the extent of interference due to haemolysis on instrumentation and reagents currently in use by participants in the Irish external quality assessment scheme in clinical biochemistry.
MATERIALS AND METHODS
A lyophilized sample (Audit Diagnostics, Cork, Ireland) was circulated to participants as a normal distribution. A further sample from the same batch was later distributed and this time participants were also supplied with a diluent containing 5 g/L of haemoglobin (Hb), The diluent was prepared using washed red cells which were lysed in an ultrasonic bath, centrifuged and diluted to a haemoglobin concentration of 5 gjL No results are shown for lactate dehydrogenase, aspartate transaminase or total protein as the diluent would have made a contribution to these parameters. The diluent and sample were dispatched to the laboratories by courier. However, a small number of participants reported that the diluent was very dark in colour when received (due to reduction of the haemoglobin) so for this reason a spectral scan was taken of the diluent freshly made up and after 3 with water. Participants were asked to use the supplied diluent to reconstitute the sample, analyse it in the normal way and return the results together with a copy of their instrument method parameters and a kit package insert for each analyte reported.
RESULTS
For the purposes of this survey a number was assigned randomly to each reporting laboratory and the numbers quoted in this report are not the participants' actual numbers in the Irish scheme. Table I relates the laboratory number used in this study to the instruments used by the participant. Table 2 In general, the performance of participants was worse when using the sample containing the haemoglobin. The coefficient of variation, the range of values obtained and the mean for each analyte with and without haemoglobin are shown in Table 3 . It shows values as reported to participants after outliers have been removed using a procedure which has been previously described.' However, in order to better illustrate the problems caused by the haemolysed sample, ranges quoted under individual analytes discussed below include all values returned by participants with no outlier elimination. 
Calcium
The range of values obtained on the sample without haemoglobin was 2·20 to 2·65 mrnol/L and 2·16 to 3·06mmol/L on the sample with diluent. The most popular method in use by participants was O-Cresolphthalein complcxone (OCPC). Only three laboratories used other methods, one used Arsenazo III and two used EGTA titration. Most laboratories showed a slight positive interference with the Hb containing sample but in general the results for this analyte were not badly affected.
Urate
Results obtained for this analyte ranged from 140 to 247/lmol/L without Hb and from 90 to 470/lmol/L with Hb. Most participants used uricase/peroxidase procedures. As can be seen from Fig. 2 most laboratories experienced a marked positive interference. The exceptions were laboratories 3,7, II and 20 whieh found negative interference.
As most participants used a single point reading (no sample blank) at about 550 nm and the Hb would absorb quite strongly at this wavelength this, coupled with the small analytical absorbance commonly obtained with this analyte, would explain the positive interference observed. In the case of participants taking bichromatic readings (mainly Hitachi instruments), analytical wavelengths ranging from 500 to 570 nm were used (reagents from a variety of manufacturers) with a blanking wavelength of 660 nm. As the absorbance due to Hb is very low at 660 nm this will not correct for the interference. One participant (laboratory 22) used manufacturer reagents on a Hitachi 704 (kit supplied as a two reagent system but manufacturer recommends a single read point only) but took a blank reading before addition of second reagent and obtained a value of 179/lmol/L on the sample ! 13 I and 28 used a kinetic procedure. These laboratories all started reading very early in the reaction cycle and this may be a contributory factor. Another MIRA user (laboratory 25) obtained a reasonable result but method details for this participant are not available. Two other participants, laboratory 3 (Bayer Technicon RA 500) and laboratory 4 (Beckman Astra), also found significant negative interference. A common factor among those participants who experienced this negative interference was the use of a combined alkaline picrate reagent (though from different manufacturers). or the participants who experienced negative interference, laboratories 7 and 20 used the Roche reagent on a Cobas MIRA. These laboratories used monochromatic readings at 500 nm with a sample blank measured close to zero time. Frothing of reagent on addition which has cleared before the analytical reading would be one possible explanation for the finding of negative interference. Laboratory II used a uricase/catalase procedure from the manufacturer on an Abbott Spectrum with an analytical wavelength of 340 nm and a blanking wavelength of 380 nm. A single reading at 60 s (no blank) was used. Fig. 5 , which shows that most participants experienced marked positive interference. The haemoglobin would absorb quite strongly at 340 nm and perhaps the total absorbance including reagent and sample was in a range many instruments cannot measure accurately. Most laboratories using Hitachi machines used an analytical wavelength of 340 nm and a blanking wavelength of 376nm and as the absorbance due to the Hb would be similar at these two wavelengths (,1'1'1' Fig. I) an adeq uate correction would be expected. However, while some laboratories using such a system obtained good results, participants 2 (717), 18 (705) and 31 (704), others experienced interference for example laboratories 6 and 26 (704), 21 (705) and 23 (737).
Iron
Results reported for the sample without Hb diluent ranged from 1·0 to 29·9,lmol/L and from 1·0 to 55·0 Ilmol/L for the Hb containing sample. The same participant (Abbott Spectrum, reagent from another manufacturer) reported the value of 1·0,umol/L for each sample. Two laboratories used ferene procedures while all others that reported used ferrozine methods. Most laboratories experienced positive interference, possibly due to their reagent systems measuring a contribution from haemoglobin iron. The best results were obtained by three participants each using a Roche ferrozine procedure, one on a Cobas Bio and the other two on MIRA. Urea: results for each laboratory, grouped bv method, with and without hucmoglobin. HoI/OIl' symbols = no haemoglobin, filled symbols~with huemoglobin. Subscriptisuperscript~laboratorv number; DM=diacetyl monoxime procedure; U'Cr ureaseicolorirnetric procedures; KC = kinetic conductimctric procedures.
Inorganic phosphorus
Results ranged from 1·37 to 1·72 mrnol/L on the sample without Hb and from 0·22 to 2-41 mmol/ L on the Hb containing sample. The results are shown in Fig. 6 . Most participants used a colorimetric phosphomolybdate procedure typically read at 690 nrn and in general reported positive interference. This was a surprising finding as the absorbance due to haemoglobin would be negligible at this wavelength. It may, however, be due to the use of inappropriate bichromatic blanking wavelengths by some participants. Participant number 30 used an analytical wavelength of 700 nm and a blanking wavelength of 340 nm leading to negative interference. A smaller number of participants used a phosphornolybdate ultraviolet procedure and a number of these (3, II, 18 and 23) experienced strong negative interference with this analyte. Each of these laboratories used a different instrument and they obtained values ranging from 0·22 to 0·50mmol/L for Hb containing sample. While the concentration of this analyte is much higher in red cells than in plasma (approx. seven times) we estimate that the diluent should not contribute more than about 0·1 mrnol/L to the result. and from 3·7 to 5·9 mmol/L on the sample with the Hb diluent. Most laboratories used similar chemistries but from a variety of manufacturers. While a number of participants experienced a slight positive interference the haemolysis did not cause a lot of problems with this analyte. The two worst examples of interference were observed on an Abbott Spectrum (4,7 mmol/L without Hb and 5·9 mrnol/L with Hb) and a Hitachi 704 (4'3mmol/L without Hb and 5·5 rnrnol/L with Hb). Negative interference was not a problem with this analyte.
DISCUSSION
This study confirms that a number of routine photometric methods are affected by haemolysed specimens. Such samples are commonly encountered in laboratory practice, especially if the laboratory deals with samples for neonates, in which case it is not uncommon to receive samples which are both haemolysed and icteric. As can be seen from this study measurement of bilirubin on such patients presents a problem if a caffeine/benzoate with diazotized sulphanilic acid procedure is used. In a sample which is both haemolysed and icteric the problem of simultaneous interference by both species on creatinine estimation on the Hitachi 737 has been reported." When dealing with lipaemia, providing it is not sufficient to cause significant displacement of plasma water, correction of interference can usually be accomplished by the appropriate use of blanks, choice of wavelengths in bichromatic procedures and the careful use of clearing agents.' However, the situation with haemolysis is more complicated. First, the haemolysis may have occurred either in vitro or in vivo.
If it has occurred in vivo then the elevation of certain analytes such as LDH will be a true elevation reflecting what is occurring in the body. It has been reported by Blank et al.' that haemoglobin in plasma as a result of in vivo haemolysis interferes with a smaller range of analytes than is the case when Hb is due to in vitro factors. These workers based their results on experiments using weighed-in purified haemoglobin. The use of lysed red cells in this study was designed to mimic the situation of in vitro haemolysis. In such circumstances, it is possible that other constituents besides Hb may cause effects. For example the release of adenylate kinase may affect some assays, notably the determination of creatine kinase activity." When haemoglobin itself is the cause of the interference it may simply interfere spectrally. In such cases if the absorbance is read at a relatively high wavelength where absorbance due to Hb is minimal a problem will not be encountered. Furthermore, if bichromatic readings are used the blanking wavelength must be carefully chosen, as can be seen from Fig. I. However, a number of other scenarios are possible. The haemoglobin may be changed by the reaction medium which may lead to a shift in its absorption spectrum leading to a change in its interferent effect during the course of the analysis. It may also interact either with the analyte and/or a reaction product. This interference has been called 'analyte dependent' by Kroll et al. 9 and its identification requires analysis of samples containing varying concentrations of interferent and analyte. One of the limitations of the present study is that the Hb was only tested at a single concentration and this may not fully illustrate the extent of the problems caused by this interferent.
Centrifugal ultrafiltration of samples has been proposed as a generic approach to the problem and illustrated with reference to creatinine.'? In this approach small molecular weight analytes are measured on an ultrafiltrate of sample. However, unpublished observations in one of the authors' laboratories suggest that disposable filters from different manufacturers retain varying amounts of creatinine and possibly other analytes. Nevertheless, this approach has again been suggested for suitable analytes as a way of addressing the interference caused by haemoglobin based blood substitutes. I I
CONCLUSION
The problem of haemoglobin interference is complex-note for instance the mainly positive interference found in this study with urea methods reading at 340 nm and the marked negative interference found with methods for inorganic phosphorus reading at the same wavelength. The situation is going to become more common and more serious if haemoglobinbased blood substitutes gain popularity. It would seem that in order to address problems due to haemolysis for a particular analyte we will first have to have a clear understanding of Ann Clin Biochem 1998: 35 the mechanism of interference. Laboratory staff and manufacturers need to address themselves to this.
